50
smectite clay minerals are TOT type 2:1 clay minerals. The hydration enthalpy of the face of the 51 hydroxylated octahedral sheet on kaolinite leads to the clay mineral, which has high surface area 52 relative to quartz, taking up water and/or expensive polymeric additives from the cement 53 formulation. Upon dispersion, the high surface area kaolinite adds considerably to the rheology of 54 the cement phase, thereby changing key cement parameters such as workability and setting time,
55
which impacts upon the cements performance in terms of strength and stability, potentially having 56 significant longer term impacts [1] . Similar clay mineral hydration issues are also found within the 57 oil and gas sector, where swelling and dispersing clay minerals cause wellbore stability problems [2],
58
and in the preparation of clay-polymer composite materials where the clay minerals need to be made 59 compatible with organic polymers [3] .
60
In order to prevent the clay minerals hydrating, a cationic polymer may be applied that serves a 
67
Owing to the lack of long-range order in clay minerals, especially when hydrated or intercalated 
76
interactions is known as a forcefield [see Leech [8] for an introduction to such methods]. Coupled 77 to very efficient algorithms that can partition simulations over many CPUs, large-scale classical MD 78 is able to run simulations of the order of 10 6 atoms over many ns of simulated time, sufficient to 79 ensure equilibration of even quite large polymers and mineral interfaces, and also sufficient to 80 capture the structural/compositional complexity of clay minerals [9] . Large-scale MD are able to 81 yield data comparable with a range of experimental analytical methods such as infrared (IR) and 82 nuclear magnetic resonance (NMR) spectroscopy, X-ray diffraction (XRD), inter alia. However, in 83 order to ensure that the classical MD captures the interactions correctly, the forcefield must be 84 carefully selected and optimized, and though most forcefields are designed for either organic or 85 inorganic materials, relatively few exist for both [10, 11] . Typically, smaller ( < 10 3 atoms), but more 86 accurate electronic structure calculations based on quantum mechanics are used to validate the 87 forcefields and also to derive key parameters such as charges and key polymer-clay interactions [12] .
88
Combined electronic structure/large-scale classical MD approaches have been used to study a range 89 of cationic oligomers at clay mineral interfaces [13] and recent work has looked at closely coupled 90 multi-scale modelling to go from accurate quantum simulations all the way through to macroscopic 91 coarse-grained simulations [14] . Kaolinite has been studied using both quantum mechanical [12, 15- 
94
To enable cleaner, more efficient chemistries to be designed for use in the aggregate sector,
95
understanding of the role of polymer functional groups on the performance of inerting polymer 96 mineral treatments needs to be gained at a molecular level. In this present work we undertake an experimental investigation to understand the effect of charged cationic and alcohol groups through 
133
The total water solubility of the polymers was verified under experimental conditions. 
197
of the particles was measured and the ζ-potential data was calculated using the Henry equation.
198
Polymer concentrations were measured using a TOC analyser (Shimadzu TOC 5000). The carbon 199 amount of each polymer was determined by calibration. Table 2 summarises the results obtained. 
200

216
PBE norm-conserving pseudopotentials were used as these are consistent with the PBE exchange 217 functional, (see Table SM1 in the Supplementary Materials) and enable the calculation of 218 spectroscopic data should further studies require this. The (geometry) optimizer was Broyden- 
262
To test the effect of polymer size on the results, trimers of all three monomers were constructed,
263
both with and without Cl -, and with the trimers positioned both parallel and diagonal to the surfaces,
264
with the OH-groups pointing towards and away from these surfaces. The size of these models and 
325
adsorption greatly increased at a higher pH to approximately 7 mg/g of clay for the first plateau. A
326
second plateau was always visible for this polymer (9 mg/g).
327
The stability of the OH group of the FL22 polymer at high pH explains these adsorption 328 differences, hence the sensitivity to pH. Cationic charge measurements were carried out on the 329 polymers according to the pH using the method described in Section 2.2. The results showed that
330
while the cationic charge of FL22mod was not influenced by the pH, this was not the case for the
331
FL22 containing the OH group (see Figure 6 ). 
345
The additional residual adsorption difference of 10%, which cannot be explained by the variation 346 of the cationic charge, could probably be related to variation of the ionisation on the surface of the 347 kaolinite when the pH increased. It is known, for example, that between pH 6 and pH 10.5, sites of 348 the basal aluminous surface (AlOH) can ionize to form AlO -. When the adsorption variation of the
349
FL22mod polymer was considered, which did not contain an OH group, and where the cationic 350 charge was not related to the pH, it was found that between pH 6 and pH 10.5, the increase was equal 351 to circa 10%.
352
Finally, the adsorption increase of the FL22 on kaolinite when the pH increased from pH 6 to 353 pH 10.5 was 75% accounted for by the variation of the polymers cationic charge and the remaining 
361
FL22mod behaved similarly (see Figure 7) . The pH of the solution of polymer at 21.9% was equal to 362 pH 9.6. Its addition in a suspension of kaolinite at pH 6.3 induced a drop of pH which reached pH 363 5.5 before increasing when the additions of polymer were more frequent. We conclude from these 364 results that the affinity of these polycationic molecules for kaolinite is extremely high.
365
In order to better evaluate the surface coverage of the cationic polymers on kaolinite, the 366 adsorption results are given in number of monomers per unit surface area (see Figure 8) 
378
For high pH, the average coating level increased from 1.7 monomers/nm 2 for FL22mod to 2.6 379 monomers/nm 2 for FL22. It should be noted that only the adsorption values obtained on the first 380 adsorption plateau were taken into account here.
381
In the second part of this study, the aim was to compare the experimental surface coverages 
410
432
These results, even though they originate from relatively simple observations, are therefore 
458
is not expected to occur for a polymer in the presence of chloride. This difference in orientation 459 created a difference in surface coverage as can be seen in Table 4 , where for most models without 460 chloride, the surface coverage is higher. 
493
3.5. Calculated formation energies. In this study, `formation energy' is defined as the difference between 494 the relaxed, full system and the sum of the energies comprising the parts of this relaxed model e.g.
495
for FL22 with chloride, the `parts' constitute separate models of the clay layer alone, and a monomer 
499
The higher formation energies of the chloride models (see Table 5 ) indicates the strength of the
500
Coulombic repulsion between periodic images of the chlorides in the chloride/monomer models,
501
which is ameliorated by the presence of the clay in the clay/monomer/chloride models. The columns
502
of 510 Table 5 . Formation energies of the models, where `formation energy' is as described in the main text.
511
Units are kCal/mol. o1: Orientation 1 (OH-group pointing towards surface) and o2: orientation 2 (OH-512 group pointing away from surface).
513
Hydroxyl 
541
5% of the total monomer charge). 
542
564
These results show that, with the exception of PVA trimers at the siloxane surface, the trimer 565 models show the same charge trends as the monomer models, and therefore we can state that the 566 interactions of the polymers with the basal surfaces of kaolinite are primarily electrostatic.
568
Conclusions
569
Natural aggregates continue to be critical to cement production, though high purity sources are 570 increasingly hard to find. In order to prevent clay minerals associated with the aggregates adversely 571 affecting the cement formulation through adsorption of plasticizers with resultant modification of 572 properties, low cost polymers are used to "inert" the aggregate to the cement formulation.
573
In this study relevant polymer technologies were contacted with a low defect kaolinite clay 574 mineral to understand the effect of polymer functional groups, specifically the presence of alcohol 
